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«frgmne^alloporphyrin. In general are MM »J^  ± JJ^ttUSttSZ* 
talnln7et least one direct «-tal-cerbon »^/""^^ ^^«-bon «-bond H  th. 
1) containing an edenosyl group linked to cobalt by a direct cooax 

firat example of a naturally oc- 
curring organometallocorrin 
complex (aimllar to organo- 
metalloporphyrins in molecular 
•tructur«) and the firit-known 
•table qrganocobalt deriva- 
tive. •* The determination of 
the structure of the vitamin 
B,- coensyme by x-ray crystal- 
lography   prompted »everal 
studies of the ayntheeia and 
properties of cobalt-alkyl 
compound«.*Johnson and his 
cc-workers   extended their 
studies to the porphyrin series 
by remetJon of pyridinobrono- 
cobalt(III)aetioporphyrin-I 
with a variety of alkyl- and 
sryl mrgi—*"~ halides in an- 
hydrous 1,2-dlmethoxyethane 
(DKE) to give the corresponding 
alkyl- and ajryl-cobaltdll) 
derivatives. ,9 Ethyl and P- 
tolyl-iron(III) derivativesT 
of aetioporphyrin-I were also 
prepared by a similar method. 
The first-rov transition metal 
derivatives of orgenometallo- 
porphyrlns were thus synthesiied 
for the first time. In an 
alternative synthesis, Johnson 
and his co-workers were also 
able to prepare the identical 
alkyl coBalt(III)aetloporphyric- 
I complexes aa that mentioned 
above, by reduction of cobalt 
(Iljaetloporphyrin-I with 1* 
sodium amelgan In CME to form 
cobalt(I) species,7 which then 
react with alkyl halides to 
give the final products. This 
method was axso uaed for the 
preparation of hydroxyalkyl- 

*•"•»?« iriss^tSS^SSXSJSZ ** ration ««*«,< 

SPATIAL STRUCTURE OF COWZYME B^ 

FIOURE 1 

ZTJZ £orta„t development. ^SS^SSSm^^^^^X^^ 
ditlon to a number •ftfr^T^jae^T^TZS^tL ha. IM to the synthesis of 
and metis cerbonyl Wlrni»'»- » ^» TSSJE iechnetium, ruthenium, rhodium. 

TXZSSSZ**   S'ePt roT^M-STM M^--- flexes, cerbonyl r— groups 
rbenl 



Cr(CO), "-PWf 

UBI OF Cr(CO)6 FOB mSERTCOII OF Cr II TO FP 

FIGURE 2 

are retained by th* metals In the nev metalloporphyrln complexes. 

By reaction of dl rhenium) decarbonyl,  Re^(CO)   _, or diteehnetlua dececarbonyl, Te(CO). 
meaoporphyrln  IX dimethylester,  " '   --'•         
co-vorxers have successfully pro 
(«.-H»)Re(CO) 

H MPIXUNE, in re fluxing decalin under argon, Tautaultlnd 
pared two unusual rhenium organo— tilloporphyrln«    *    . 

-ttP)na(CO)   , J, and MP[Re(CO).]_, IJ, a pair of technetiua organoaetalloporphyrlna,33> 
(H-MP),Tc(C07,, III, and MP[Tc(«)7 ,],, IV, and a nixed rhenium technetiua organometellop 
phyrln13,   (OCf ReflpTctCO),,  V.     A «ingle crystal x.ray diffraction analysis of v-[mUO- 
tetreplienylporphlnatoJbisftricarbonylrheniunU)],      TPP(Re(CO)   ]   , $.   (Figure  3),  has  • 

with 
hi* 

Rorphyrin - Tridental« Ugand Ryphyrm-I teuodentote Ligond 

FIGURE 3 

that each rhenium Ion la bonded to three nitrogen atoas and that two rhenium atoa 
bonded to on« porphyrln on oppoalt« aldaa of the plan« of the porphyrln molecule. 

In these complexes, J-H, alt out of the plan* of the porphyrln molecule, 
i and monotechnetlum complexes, I and III, where the porphyrln itolety act* aa 

' "altting-atop complex"3V- 
metal Ion Into porphyrln. 

The metal lone 
The monorhemlui 
a trldantate llgand, resemble Flalaehar't propoeed 
model« for the intermediates In the insertion of a 

•39 and are good 
*1 Tba dlrhan- 

8-, 

lvn, diteehnetlua, and mixed rhenium-technetiis» organometalloporphyrln complexes, ^, JJJ, \, 
and n, where the porphyrln moiety act« aa a hexadentate llgand, are example! of the firat 
isolated «table homo- and hetero-dlnuclear orgenometalloporpnyrin complexes.   3l3^    The 

ue porphyrln complex, £, »"eaete with Re,(CO)  . or Tc.(CO)      in refluxlng decalin to 
dlrhanlum porphyrln complex,31 ^, and the mixed rhenium technetiua porphyrln com- 

plex," |, respectively.    Replacement of the pyrrol ic proton  (NmJ) of the monorh«nium 
porphyrln complex by other metal loss auch aa Ag , Kg    , and Pb    , has resulted In unstable 
•ism?1a—a.       The moaotechnetlun porphyrln complex, III, (Figure «), behare« In a different 
•enter by dl«proportionating to for* a ditechnetlum porphyrln complex, J£, and the free 
porphyrln, UVDBemt, by heating In refluxlng decalin    .    Thi« unusual coordination phen- 
omenon baa nrrer baea reported.    Such a reaction waa not obaerred oa heating monorhenlum 
porphyrln ceatplex, J, In refluxlng decalin.    '       It seems that both the rbenlvn and tech- 
netiua alaxytaXloporphyrln complexe are are thermodynamlcally more «table than the mono- 
metalioporphyrln complexes, because a reverse reaction of Mr(M(CO)  )? to (R-MP)-N(CO),, 

I m 



(I*«« or Tc), could not b« d«t«ct«d b*tvc«n KP(M(CO)  )., and IJmMJn rcfluxlng 
for «lthor tit« rhonlun of tochnotlua dlaataiJoporpbyflB coaplix«». 

«•0*1 la 

nams k 

.—.r-.,.,.^ .-_,-.,..—. TI nv «p»ctral chaagoa for RrrHo(OO). and flarllo(CO)- «laaolvwd la 
l,l,2,2-t«tr*ehlor«than« ihoved fluxlona.1 baharlor of fto(CO)? croup.    Thl» |M—aaan 1« boat 
«nplalaod by tbo lntraaioloeular rootrang«**nt of tba aotal carbonyl group aaong the four 
ring nltrogana of porphln and alao aovaamt of tbo n-H; It can alao bo rogardod aa aa lntra- 
BDloeular anbatltutloa at rbaalua or fcochnotlua,  (Plguro U).35 

a no« aalt typo ccaplax of porphyrlna, aonocatlon oetaotbylporphyrla trl- 
li aaloaaao nawanarbonyldlrhonato(I) froa tbo roaetlon of R«(C0),C1 and HgOaT la a 2:1 aolo 

ratio la docalla.   tba atructuro of tba coaplox «aa elucidated by tbo x-ray diffraction 
aaalyala aothod,  (Figaro 5).*1 

u 
or (H3«»)*IIIO8(CO6)CI3]"H8O 

rzoaa 5 

[Ha(CO)-]_TrT baa bow oaddlaod by IbQ, la «lealoroaatbana to yiald [»»(CO)jClUTPF • 2SbCl, 
aa« [BefCO),]{»•(CO) Cl) • SVC1,.    An x-ray dotoralaatloa of tbo atrueturo of thfao coaaloml 
arorlaaa «oflalte orfdoaeo for I "atawarad ooarplax", that la a •ruiloporphyrln la «bleb 
• —tm natal boa« «xlrti through tbo "hole" of tbo aacroeyelo, (Figaro 6).37 

Two dlfforoDt aothod« wor« eaployod hy Flolaebor and hit co-work«r« In preparing tba rhodlua 
aa« lrldlua aorvbyrln eoaploaaa.    *"   In on«, tno.froably proparod artal earboayl halid««. 
[Kh(CO)_ClJ, and [Ir(CO)-Cl], vor« allowed to roaet with tbo porphyrlm la glaelal aeotle 
aold aolutloo to fora tM roapeetlwo aotelloporphyrlne, (Figaro T).    la tbo eeeoad aothod. 
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First Skewed Complex (Rodicol Metolloporphyrin) 

the oyclooctene complexe« of 
rhodium and irtdiuc wer« found 
to be raactlv« intermediate! 
ifU la the metalloporphyrln 
formation, (figure 8). In both 
aathoda. Incorporation of rho- 
dium lato the porphyrln «u 
BMW readily achieved than «ma 
that of Iridium. It la of 
lataraat that In the metallo- 
porphyrln» prepared by these 
aarthoda, the Iridium porphyrln« 
rataln the carbon monoxide 

«bile rhodium and other 

nouRi 6 

["«»»•a] -jp 

do not. *   The carbon 
Ida la vary tightly bound 

to the irldlua porphyrln moietyf 
beating, summing, bolllaa la 
prrldine, or reprecipitating 
fro» concentrated aulfurlc acid 
eolation doaa not remove the 

2h 

REACTIOR SCHÖffi FOR IRIDIUM PORPKYRIK 
ntWHD VIA Ir(CO)3Cl 

noun 7 group from the complex. 
By tarn raaction of [Rh(CO) Cl]« 
y* "»M»-tdtra»hanylporph|»f tT^TP», In refluxing beniene. two stable organometalloporphyrlr 
derivative« of rhodium, Rh "CO(TPP) • Cl and (o-phenyl)Rh    -(TPP) • Cl, «ara separated by  . _. .21,26 

I 

k(w).a) 

on an alumina column by »lei.her and hla co-worker«2 

hia co-worker« ware-able to prepare two novel dlnuelaar rhodlum(I) organo- 
a compi.xe« * '  YIJ and vih, by modifying Plolaehar'a raaction condlt 
ftlon of RhII1C0(TrTT. cl ana^fo-phanyljRh^fTrT) • Cl In rafluxlng ban- 

Cscaethylporphyrln, OEPH , or (»-methyl) octaethylporphyrln react« with 
In benxene solution at room temperature under nitrogen atmosphere to produce 

condition« 

aad^TXlf. from the «pectral+data and the experlaentaly determined molecular weight,, 
«•a formulated aa an acid, H [OH» • Rh (CO) a] , which contain« a Rh-Cl-Rh bridge. 
proton Bar and infrared «pectral data fndlcata that the [Rh(CO) Cl] moiety la maln- 

tBlBad and the M and R-CH bond« oxlat In y^. Slnca tho Rh-Rh distance in[Rh(CO) Cl] 
baa been reported to be 3.13 A. and the distance-between the two adjacent nitrogen•atoms of 

morphyrln la about 2.9 *. It waa assumed'0 that th» two Rh atom« of the (Rh(CO)^Cl)2 

laty ara bOBdad to the two adjacent nitrogen atom« of the ~irphyrlnato core of Jjm.'ss 
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ta *l«iare 9.    Upo* oaaoear« to «"•. til waa «lowly oaldlced to fora • rhoditsadll) 
chlore coaalex of oct«j**hylporaayrla, •>    ^I(aaT)  • M.O, which «an farther react with 
allqrl llthliai to give an elkyl-rhodlua coaalea. «aether oaaaalI of rhodlua oraaaoartel2 »- 
aorahyrla coaalea.    however, ^m ttttmm la a different aaaaer to «IT» the leant leal alky:- 
rhodtwa coaalea either by «eat:» heatle« la chloroform of chrt—toaraefty oa alllea «ill 
(•tgare 9).    ikli pheaoaraoa of elkyl eigratloa froa a altrnf • atoa to a artal  loa It 
reported for the ftrat tlae.    Ike elayl alcratlor. nay proceed conceitedly «1th oxidation of 
rhodlwa(I) to rhodluafIII).    The h-Ol, hose flaaloa aeeae to he facilitate« by the aid of • 
km »aleat rhodlwn lea. 
rflffj» rhoalaad) ea 

k(OaT). 

The reaction of    »-»ttayl  ort«ethylporpftyrIn with  (Rh(CO)  Cl) 
lea «lallar to JZiZ. which la aleo easily oildlaed to OUCH. » 

Th» — rneala» sf aetal oalictlon end allqrl atcratloa la »till lartrtlnw*. 

Both ritheelta* car bonyI, Bu (CO)    , aa4 rutbralun car bony 1 halloa.  (BufCOl.ClJ.. react with 
tetraaeMqrlaorah|aa.to (trenne leant leal product, aDBOcartonyl-ruthenlv*(fl) tftrn- 
abanyl aorahlae , TTrwuCO, {(.    It »u found that If crystallise« with a aolecula of 
•Itear.alcohol of water aad that thee» wroaly bound aoleculee are (Mas to the earbonyl 
«roue.        eeeeatlr, • «lanle crystal  i-rey llffrertlea eealy«la    '      confirmed this «truct- 
«.    laleaiol» aad  nailer organic.baee« coaalea lsaedletely at  roc» teaaefature with 
WrweCC upon aliIt«  in beateae.' aa »ayetea for a low rain 4    system,  sub- 
•t I tut loo react loa« of the soaocerboaylruthealmsi(I) complex take plec« «lowly and under 
severe conditions to replace the earbonyl group, 
peyrlllae eolatloae of 
of ultraviolet  light  1 

arhoayl group. Irradiation of degassed heaceae or 
1 r*thealva(II) aatloaorahyrla-I  pyrldlnat» with risible 

ltatlvely to a rwtheale>(II) porpnyrla phctodlner with a 
It 1« of Interact that IVIhjCO ta heateae aolutloa react« sannthly with 

at trie oxide to for« a dlaltrosyl-rutheolaadl) aaeo porpayrln c«ami as. 

sfui  1«oletloa aad purification of nltro«enae», the »nsya» syetea that 
• eslecular nitrogen to aamoale la living orgeat a— g_—ay studies hare hean and* to 

find a nltroaxseeae aodel. Plelcher aad co-worse re     created a model «yrtea coo,, 
«latin« of the water aolahle a*»o-twtra(p-«u:foBatopoenyl)porphinatoeooalt(IIi:, Co      TT*S, 

Ina horehyarlae aad found It to he very effective eatalyat for the reduction of the 
•f nltrnaaaoea.    for «aampl», acetyleae vne reduced cetalytleally la thl« system 

to ethyleae aad ethaae.    A poeelele aeehanlea for thla catalytic ayataa waa propoaed to 
lac late lahalt aaetyleaa aad cobalt • ethyleae mrtalloporphyrir. «-coaplexe« aa Infraedlatea 
(Figure 10).    For the tajajaj oxidation of cohalt(II) aeeoporphjrrln g dlaatfeyi eater. 

FOMIBLB «OUSTS* FCO RBWCT10R Of ACaTTLBR BY A 
COBAXT(III)  PORPHTBI» ST8TBI. 

FIGURE 10 

C0ZS»RM 
•oa»«** {TU 

by unsetureted hydroacrbon», an ol»fin-cobalt «-complex lnteraadlate waa pre- 
(rifur» 11)«. Recently, the foraatlon of an 1:1 adduct between cobalt(II) tetre- 

, Co   TPP, and carbon aonoxld« waa reported by an ear study of a froten 

— •- — 



SOLVENT 

PROPOSED REACTION IsTERMEDIATE POP. IIDUCED CXTDATIOI 
OF COBALT(IZ)  PORPHYRI" BT CYCLOHDOOT 

FIGWE 11 

solution of toluene. 5 The ptro^tic low-spin d complex of Co ITPP has • singl« un- 
paired electron in the d* orbital for o bondin« with carbon monoxide, which provides an 
opportunity for the examination by esr of a  apln delocalization to carbon monoxide. 
Similarly, the reversible binding of carbon monoxide to lron(II) ngotonorphyrln {£ lb 
piperidlne «a« identified by lta esr spectrum In frozen solution. 

Tha o-interaction In carbon monoxide to aetalloporphyrin adducta and the propoaad olefin- 
•etal w-complex intermediates for induced oxidation of Cobalt(II) porphyrln by unsaturated 
hydrocarbon and the catalytic reduction of acetylene In Co  TPPS and RaBHu model system ha 
brough new examples of formation of organomvtalloporphyrins. 
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